Questionnaires for investigating sites
The purpose of the questionnaires was to inform the site principal investigator (PI) of the requisites for study participation and to solicit information regarding practice patterns at the site. The questionnaires included the following: (2.1. Site Information, 2.2. Requisites for study participation, and 2.3. Pattern of Patient Care).
Site Information
• Hospital name • Hospital address • Name of site principal investigator (PI)
• Signature of site PI • Number of beds in the hospital • Annual number of appendectomies in recent years
Requisites for study participation
The site PI understands that the site can participate in the study only when the site meets all the following requisites:
• At least 50 non-incidental appendectomies have been performed annually in recent years.
• Multidisciplinary services were provided for patients with suspected appendicitis 24 hours per day, seven days per week during the study period.
• The site PI should identify all patients who visited the emergency department and then underwent non-incidental appendectomies during the study period.
• The study coordinators and research associates should be privileged by relevant authorities, including the site Institutional Review Board, to review the medical records of the study patients.
• The site PI should allocate adequate time and space for data collection, and allow study coordinators and their assistants access to all study-related documents and facilities.
• The site PI should provide the numbers and experience levels of physicians, radiologists, surgeons, and pathologists involved in the care of the patients.
• The site PI should provide the CT parameters and typical effective radiation dose used to examine the patients.
• There should be clear documentation of the presence or absence of appendicitis in pathology reports in the patients.
• In cases with pathology reports inconclusive for the presence of appendicitis, a site pathologist should re-examine the primary tissue sections.
Pattern of Patient Care
From each site, we solicited information on the patterns of patient care, including the doctors involved in patient care, initial clinical evaluation in the emergency department, determination of the need for imaging examination(s), CT machines and imaging parameters, typical effective radiation dose of CT examinations, interpretation of imaging test(s), surgical plan, and discharge and follow-up protocol. In addition to the questionnaires, two or more interview sessions with site investigators were conducted for each site. The interviewees included, but were not limited to, an emergency department physician, a radiologist, a surgeon, a pathologist, and a radiology technologist who played major roles in patient care. The questions included:
• Who initially evaluated patients with suspected appendicitis in the emergency department? Choose one or more from residents, • Detail the CT imaging parameters.
• What was the typical effective radiation dose of a CT scan for an average-sized patient, based on dose reports from CT machines?
• Detail the ultrasonography procedure. Who performed the ultrasonography?
• Who interpreted the CT and ultrasonography for the patients during working hours? Choose one or more from radiology residents, fellows, attending radiologists, or other (describe).
• Who interpreted the CT and ultrasonography performed after hours? Choose one or more from radiology residents, fellows, attending radiologists, or other (describe).
• When were the on-call radiologists' preliminary reports verified by attending abdominal or emergency radiologists?
• If the attending abdominal or emergency radiologists made any important changes to the preliminary report, did they immediately notify the referring physicians or surgeons so that the patient management could be changed? • Which surgeon first evaluated the patient? Choose one or more from surgical residents, surgical fellows, attending surgeons, or other (describe).
• What general policy did the surgeons have in determining the surgical plan, discharge, and follow-up?
Categorization of CT and ultrasonography reports
The study coordinators retrospectively categorized the CT and ultrasonography reports using a 3-point scale for the diagnosis of appendicitis using the criteria in Appendix Table 2 .
Appendix Table 2 . Categorization of CT and ultrasonography reports for the presence of appendicitis Grades Details Grade 1. Appendicitis absent Definite conclusion of the absence of appendicitis, or conclusion of the absence of appendicitis with a likelihood modifier such as 'possibly not', 'probably not', 'less likely' and 'unlikely' Grade 2. Indeterminate Direct statement of equivocality of the diagnosis, or an equivalent probability of appendicitis and other diseases Grade 3. Appendicitis present Definite conclusion of the presence of appendicitis, or conclusion of the presence of appendicitis with a likelihood modifier such as 'possibly', 'probably' and 'likely'
CT, computed tomography.
General pattern of patient care

Doctors involved in patient care
The numbers and experience of attending and trainee doctors involved in patient care are provided in Appendix Table 3 .
Clinical suspicion of appendicitis
Because of the high prevalence of appendicitis, many physicians having different experience levels were involved in the clinical evaluation (4.1. Doctors involved in patient care). Typically, patients were initially evaluated by one of the emergency department physicians, including attending physicians, fellows, and residents. Each of them, under the supervision of one of the attending physicians, performed history-taking and physical examination, determined the need and timing of diagnostic tests including imaging studies, contacted radiologists or surgeons for a consultative discussion, and determined the timing of hospital discharge.
Need for imaging test(s)
The need for imaging or other diagnostic tests was individualized for the patient at the discretion of the emergency department physicians in service. † Pathology ‡ Attending Experience after board certification (yr) < 5 5-10 ≥ 11
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Data are numbers of doctors. Numbers in parentheses are medians for sites. *Number of radiologists who performed or read the imaging tests for suspected appendicitis. The number of radiology residents includes only those who had duties after hours; † Number of surgeons who supervised the appendectomy; ‡ Number of pathologists who verified the pathologic reports.
CT and ultrasonography techniques
The imaging tests were performed as a part of the daily clinical practice at each site. Modern CT and ultrasonography machines were used at all sites. We did not investigate the machines or imaging techniques used for imaging tests performed at outside hospitals before the patient was transferred to the site emergency departments.
The CT scanners and imaging parameters from the individual sites are summarized in Table 2 . At all sites, ultrasonography examinations were typically performed by attending abdominal radiologists or senior radiology residents during working hours and by on-call radiologists after hours. The on-call radiologists were mostly residents at all sites. At one site (Site 1), more than half of ultrasonography examinations were performed by emergency department physicians. The ultrasonography procedure typically included an evaluation of the abdomen and pelvic organs using a curvilinear transducer and then a thorough examination of the right lower quadrant with graded compression using a high-frequency linear transducer.
Interpretation of imaging test(s)
The imaging tests were interpreted as a part of daily clinical practice at each site. At all sites during working hours, the CT or ultrasonography reports were made by abdominal or emergency radiologists. Examinations performed after hours were given preliminary reports by on-call residents. Typically, all preliminary reports made by the on-call residents were revised or supplemented by one of the abdominal or emergency radiologists on the morning of the next working day. The referring physician or surgeon was immediately notified of any important changes in the report so that the patient's management could be changed accordingly.
Our analysis included only final reports.
We were unable to separately analyze preliminary reports for two reasons. First, it was often unclear whether or not the preliminary report was changed or which part of the preliminary report was revised by the abdominal or emergency radiologists, as many sites did not have a strict policy of keeping the original preliminary report in their Radiology Information Systems. However, it should be noted that the original preliminary report may have been more likely to affect patient disposition with regard to surgery. Second, because of the limited availability of abdominal radiologists around the clock, some of the addendum reports may have been made after patient disposition with regard to surgery. Therefore, the overall diagnostic sensitivities we measured may have been inflated to some extent.
Surgery
At all sites, patients who potentially needed surgical exploration were referred to the surgical department. One of the surgical residents was typically the first surgeon to evaluate the patient, and the final decision to operate was approved by board-certified surgeons who performed or supervised the surgery. The surgical plan was individualized for each patient as appropriate, including the need for preoperative percutaneous drainage of periappendiceal abscesses and the use of a laparoscopic approach.
Discharge and follow-up
Typical criteria for hospital discharge following appendectomy were tolerance of a soft-blend meal, safe ambulation, and afebrile status without major complications. The short-term follow-up was generally scheduled around one to two weeks after appendectomy in outpatient clinics for the survey of complication and stitch-out.
Imaging utilization rates
Imaging utilization rates for individual sites and overall rates adjusted for clustering by site are available in Appendix Table 4 . 9.7% (213/2,203) of the CT examinations and 16% (31/192) of the ultrasonography examinations were performed at outside hospitals before patient transfer to the site emergency departments (Appendix Table 5 (0) 3 (3) 101 (1) 76 (1) 25 (0) 0 (
Numbers in parentheses are numbers of CT or ultrasonography examinations performed at outside hospitals. *Includes one case with a missing pathology report; † Includes 40 ultrasonographic studies performed by emergency physicians at Site 1. CT, computed tomography.
Negative appendectomy rate
Negative appendectomy rates for individual sites and the overall negative appendectomy rate adjusted for clustering by site are available in Appendix Table 6 .
Appendiceal perforation rate
Appendiceal perforation rates for individual sites and the overall appendiceal perforation rate adjusted for clustering by site are available in Appendix 
Diagnostic sensitivities of imaging tests
Appendix Table 5 summarizes the availability of radiology reports for the calculation of diagnostic sensitivities. The diagnostic sensitivities of CT and ultrasonography at each step of the imaging work-up are detailed in Fig. 1 . The sensitivity was particularly low, even with indeterminate results counted as positives, for initial CT that required complementary ultrasonography (85%; 95% CI, 66%-96%), complementary CT that followed initial ultrasonography (89%; CI, 73%-97%), and complementary ultrasonography that followed initial CT (88%; CI, 69%-97%).
The sensitivities for the individual sites and overall sensitivities adjusted for clustering by site are available in Appendix Table 7 . Subgroup analyses were performed with a threshold of grades ≥ 2 as positive (6, 7) . The low diagnostic sensitivity (or high false negative rate) of initial CT was associated with younger age, female gender, and smaller site appendectomy annual volume in the univariable analysis; and with younger age (95.9% vs. 97.3%; AOR, 0.56; 95% CI, 0.33-0.98), female gender (94.3% vs. 98.2%; AOR, 0.31; 95% CI, 0.18-0.54), and smaller site annual appendectomy volume (94.4% vs. 98.2%; AOR, 0.31; 95% CI, 0.15-0.64) in the multivariable analysis (Appendix Table 8 ).
The diagnostic sensitivity of initial ultrasonography was not significantly affected by any of the factors tested in the univariable analysis. A multivariable analysis was not performed. Cases with unavailable CT (n = 102) or pathology (n = 1) reports were not included in the analysis. Ellipsis indicates that the variable was not tested in the multivariable analysis. *Indeterminate results were counted as a positive diagnosis; † Weight in kilograms divided by the square of the height in meters; ‡ 8:00 AM to 5:00 PM on working days; § Defined as the interval from the emergency department visit to the induction of anesthesia for appendectomy; ll Defined as the interval from the emergency department visit until hospital discharge; ¶ Does not include 23 cases of interval appendectomy; **Number of patients included in the study. AOR, adjusted odds ratio; CI, confidence interval; CT, computed tomography; NA, not applicable or unable to calculate; OR, odds ratio.
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